A full term Friesian bull calf was born unable to stand. The dam had no signs of illness during pregnancy. In the thoracic spinal cord there was anomalous development of the central canal and a dorsally placed fusiform and longitudinal dilatation. Mild inflammatory lesions were seen in some body organs and central nervous system where they were suggestive of viral infection. Several skeletal muscles had an extended range of muscle cell cross sectional areas and some cells had numerous internal nuclei.
Hydromyelia describes a congenital or acquired defect in the spinal cord in which the canal is locally dilated. In animals it is rarely detected but may be found in association with spina bifida [4, 9, to]. A related condition, syringomyelia, is a tubular cavitation of the spinal cord extending over several segments [6, 7] .
In cattle, one author [5] has recorded observations on nine cases of syringomyelia and 31 cases of hydromelia, many of them associated with arthrogryposis, atresia ani, hernias, heart anomalies and brachygnathia inferior. Few other detailed reports of these conditions in cattle have been published. This paper records the clinical and pathological abnormalities in a Friesian bull calf examined during a continuing study of calves unable to stand from birth.
Materials and Methods
A Friesian bull calf was conceived at a second service and born unaided to a primiparous cow that had spent much of its life in a cubicle. Gestation lasted 277 days; birth weight was 36.5 kilograms and the weight on day 7 was 39 kilograms. Within 6 hours of birth the calf received colostrum from a deep-frozen pool composed of the first and second milkings from 12 cows, and the calf was fed normally. On day 2 after birth it received I milliliter of a Salmonella dublin vaccine (Mellavax Calf Salmonellosis Vaccine, Wellcome Foundation) subcutaneously.
The calf was unable to stand from birth until day 4 when it was assisted to its feet, but even then it was unsteady and the hind limbs splayed outwards. The calf could right itself if laid on its side. It could see and hear and there was no nystagmus. The hind limb pedal withdrawal reflex'was delayed.
Blood samples were taken on day 8 for the estimation of plasma creatine phosphokinase activity and the calf was killed with pentobarbitone sodium administered intravenously. Potassium oxalate was injected before vascular perfusion with 10% neutral phosphate-buffered formalin via the common carotid artery.
The whole brain and cerebellum were weighed to find the cerebellum-to-brain ratio. The brain, selected peripheral nerves, liver, heart, kidney, lung and over 30 identified muscles of the trunk, fore and hind limbs were processed and embedded in paraffin by standard techniques. Five-or lO-micrometer sections were cut and stained with one or more of the following stains: haematoxylin and eosin (HE), Einarson's gallocyanin, Methasol fast blue-Scarba Red, Humberstone's collagen/elastin stain and Gomori's reticulin. The spinal cord was cut transversely into 5-millimeter slices throughout its length and identified blocks from representative areas were similarly processed. The two blocks towards the anterior and posterior extremities of the spinal dilatation (to be described below) were sectioned serially, stained with HE and examined by light microscopy to determine whether any connection existed between it and the central canal and to determine the nature of these spaces.
From one normal and one abnormal part of the spinal cord l-mm" blocks were taken from areas bordering on the central canal or dilatation. These were secondarily fixed in 1% osmium tetroxide, dehydrated in graded ethanols, cleared in epoxy-propane and embedded in araldite. Sections 1 micrometer thick were cut on an ultramicrotome and were stained with toluidine blue for light microscopy. Ultrathin sections were collected on rhodium-plated copper grids, stained with uranyl acetate and lead citrate.
The tibias from both hind limbs were dissected, weighed and radiographed. The plates were examined for abnormalities and the diaphyseal lengths were measured. The developmental age was determined by comparison with published data [3, 8, 11] .
The vertebral column was radiographed after removal of the spinal cord and examined for abnormalities.
Results
The plasma creatine phosphokinase was 40 mD/ml at 30°C, which indicated that there was no active muscle or central nervous system cell breakdown at the time of sampling.
No radiographic changes were seen in the vertebral column or either tibia. The tibial diaphyseal length was 18.8 centimeters which was considered to be normal. The anterior parts of the superficial and deep pectoral muscles were abnormally pale at their sternal attachments.
The liver contained numerous foci of necrosis and focal aggregations of inflammatory and haemopoietic cells. There was slight portal haemosiderosis. The heart and kidney were normal. The lung had mild, local, suppurative alveolitis and bronchiolitis and some thickening of alveolar walls. No inclusion bodies were seen.
In the cerebrum there was one focus of gliosis and some perivascular cuffing but the cortical neurones looked normal. There were also a few perivascular cuffs in the Sections of the spinal cord containing the syrinx were prepared from six blocks. The first showed a normal central canal and a large, empty space lined by squamous cells. At this level the dorsal horns had been compressed by the syrinx (fig. 2 ). The second showed the inverted 'T'-shaped space only, with no central canal ( fig. 3 ). The third showed severe perivascular cuffing and gliosis in the white matter lateral to the space but no canal. The fourth was similar but had additional gliosis in the ventral and dorsal horns. In sections five and six there was a normal central canal but no space. Apart from a variable, but usually mild degree of cuffing, the blood vessels close to the central canal and in the ventral fissure were normal in all parts of the cord; the ventral fissure itself was prominent and in the region of the syrinx was filled with connective tissue. The transverse sections cut serially at 5-micrometer intervals from the two blocks containing the cranial and caudal extremities of the syrinx showed that the central canal was normal in the regions of the extremities but between them the structure varied considerably. The canal was single, double, or absent and the diameter of the lumen varied ( fig. 4 ). The central canal was lined by ependymal cells of normal appearance but in some areas in a few sections the lining was incomplete and in others there appeared to be more than one layer of ependymal cells. The syrinx was lined by cells of squamous type and no ependymal cells were seen in any part. At no point was a connection demonstrated between the central canals and the syrinx. From a study of the serial sections it was possible to reconstruct the shape of the canal ( fig. 5 ).
No significant lesions were seen in peripheral or intramuscular nerves or in 22 identified muscles of the trunk, fore and hind limbs. There was congestion, haemorrhage and thrombosis in the M. pectorales, possibly associated with local trauma and prolonged recumbency. No myodegeneration was seen in any muscle. The left M. flexor carpi radialis contained areas with small angular fibres, increased endomysial reticulin and many muscle cells with internal nuclei (fig. 6 ). The range of muscle cell cross sectional area was extended in this muscle and also in parts of the M. flexor digitorum profundus, M. psoas major and M. semitendinosus. Internal muscle cell nuclei were seen in the M. supraspinatus, M. sternocephalicus, M. extensor digitalis communis, M. flexorum digitalis superficialis and profundus. Neuromuscular spindles occurred at normal frequency and were morphologically normal except for an occasional hyaline intrafusal fibre considered to be artifactual and to have been produced by the perfusion fixation.
In places away from the syrinx the spinal canal was lined by normal ependymal cells. These were columnar with large basal nuclei. Their free border was ciliated and the plasmalemma was reflected irregularly over the ciliary shafts ( fig. 7) . The apical parts of the plasmalemma of contiguous cells formed junctions of the zonula adhaerens type ( fig. 7, inset) . The cytoplasm had a normal complement of organelles including mitochondria and rough and smooth endoplasmic reticulum, granules, rosettes and vesicles. Only in the apical regions were there electron-dense bodies and membrane-bound vesicular bodies.
The cells lining the fully developed syrinx were squamous and devoid of cilia; they contained fibrillar material, mitochondria, slightly dilated sacs of rough endoplasmic reticulum, granules, rosettes and a few electron-dense bodies. The nuclei were openfaced with small amounts of marginated chromatin and small chromatin islands. There were specialised junctions with neighbouring cells of the zonula occludens type. The underlying tissues was disrupted ( fig. 8 ).
Discussion
Calves conceived of normal parents, carried for a gestation of normal length but with the inability to stand from birth are probably more common than is generally recognised. Seldom are such calves presented for detailed neurological and neuropathological investigation except when several cases occur at one time or when repetitions occur over a comparatively short period or when signs are accompanied by obvious macroscopical changes.
The dam of our calf had an uneventful pregnancy. The calf was of normal weight and looked normal, but was unable to stand. The morphological lesions detected were of three kinds. Firstly, a mild, non-suppurative panencephalomyelitis, mild hepatitis and pneumonitis; secondly, abnormalities of the central canal and a dilatation in the thoracic spinal cord; and thirdly, dystrophic changes in some skeletal muscles. Whether the inflammatory lesions are related is not clear. The central nervous system lesions suggest a previous viral infection but the hepatic and pulmonary lesions are nonspecific.
No connection was demonstrated between the spinal canal and the fusiform cavity. The serial sectioning was extensive but incomplete. It showed that the anterior thoracic part of the central canal divided at two separate points into two sub-canals which ended blindly, as did the main canal further caudally. At all points the central canals in the region of the cavity were generally lined by ependymal cells although in one or two sections this lining was incomplete. The syrinx was lined by squamous cells and no ependymal cells were seen. The ultrastructure of'.the ependyma in a normal part of the spinal canal was similar to that described in other species [1, 12, 13] . Although specialised cell junctions at cell apices were seen, the main type was the zonula adhaerens. In contrast the cells lining most of the cavity were squamous, nonciliated and contained much fibrillar material. These cells formed junctions with each other of the zonula occludens type. Whether these were greatly altered ependymal cells or whether they had a different origin is not clear. It seems likely, therefore, that the cavity is not a hydromyelus but rather a syrinx and that the condition is syringomyelia rather than hydromyelia. The syrinx does not extend over more than three segments but is essentially the same as that in syringomyelia [6] .
The age and genesis of the syrinx are in doubt. It is reasonable to suppose that it was probably of pre-natal origin. There is no evidence for or against the condition being hereditary. The duplication of the spinal canal and its blind endings probably resulted from a developmental accident at the time of organogenesis or later. The same may be true of the formation of the syrinx but alternatively this might have resulted from a vascular accident or from the effects of the host. reaction to prenatal virus infection. With regard to the former there is no evidence of either haemosiderosis, which would be expected if haemorrhage had occurred, or of any persistent vascular dilatation. A more probable hypothesis is that an antenatal virus infection such as bovine viral diarrhoea occurred and persisted after the onset of immune competence (at about 100 days gestation for bovine viral diarrhoea virus). The inflammatory changes in the central nervous system could support this view. Others have reported cavity formation in the cerebellum of calves in which infection with this virus was experimentally induced by exposure after 100 days gestation and they suggested that this was a secondary effect caused by vascular disturbance at the time of the viral attack [2] . There is a similarity between these cerebellar lesions and-the syrinx although they occur in different parts of the central nervous system. Furthermore, the median ventral fissure in the area of the syrinx was fibrosed, suggesting that some change had occurred in the past. There was, however, no radiographic evidence of growth retardation suggestive of in utero virus infection. It is speculation whether or not the spinal defect was responsible for the clinical signs as the calf was able to stand, albeit with assistance, at 4 days. The muscle lesions are suggestive of either a primary myopathy or of a secondary myopathy caused by loss of motor neurones or their functional capability. The spinal lesions affected the dorsal horns, although the sensory nerves, ganglia and neuromuscular spindles were normal.
